Background-It is diYcult to put research findings into clinical practice by either guidelines or prescription feedback. Aim-To study the eVect on the quality of prescribing by a combined intervention of providing individual feedback and deriving quality criteria using guideline recommendations in peer review groups. Methods-199 general practitioners in 32 groups were randomised to participate in peer review meetings related to either asthma or urinary tract infections. The dispensing by the participating doctors of antiasthmatic drugs and antibiotics during the year before the intervention period provided the basis for prescription feedback. The intervention feedback was designed to describe the treatment given in relation to recommendations in the national guidelines. In each group the doctors agreed on quality criteria for their own treatment of the corresponding diseases based on these recommendations. Comparison of their prescription feedback with their own quality criteria gave each doctor the proportion of acceptable and unacceptable treatments. Main outcome measure-DiVerence in the prescribing behaviour between the year before and the year after the intervention. Results-Before intervention the mean proportions of acceptably treated asthma patients in the asthma group and urinary tract infection (control) group were 28% and 27%, respectively. The mean proportion of acceptably treated patients in the asthma group was increased by 6% relative to the control group; this diVerence was statistically significant. The mean proportions of acceptable treatments of urinary tract infection before intervention in the urinary tract infection group and asthma (control) group were 12% for both groups which increased by 13% in the urinary tract infection group relative to the control group. Relative to the mean pre-intervention values this represented an improvement in treatment of 21% in the asthma group and 108% in the urinary tract infection group. Conclusions-Deriving quality criteria of prescribing by discussing guideline recommendations gave the doctors a basis for judging their treatment of individual patients as acceptable or unacceptable.
It is diYcult to put research findings into clinical practice. 1 2 Providing doctors with knowledge on how to treat diseases in accordance with research evidence and guideline recommendations seldom changes the way doctors prescribe drugs. 3 Multiple approaches applied in combination appear to work best, 4 sometimes showing a dose-response curve in improving knowledge. 5 Improved knowledge does not, however, necessarily lead to a corresponding change in behaviour. In behavioural psychology changes in attitudes are frequently perceived to follow rather than precede behaviour modifications. 6 Feedback on prescribing, giving information on aggregated data, may thus not be suYcient to change behaviour. 7 8 In the present study feedback to individual doctors on how they treated their patients was structured in such a way as to make possible a comparison with guideline recommendations. The recommendations needed to be reformulated to enable a quality assessment of patient treatment to be judged from prescription feedback. Such quality criteria were developed during group discussions between doctors participating in the study. Doctors may, during this active process, discover the consequences of new knowledge in relation to their own behaviour. Problem based learning, also known as "problem first learning", 9 places the emphasis on the learner's own initiative to discover problems and how to improve. By discussion in peer review groups the individual doctor's selfeYcacy, defined as one's ability to organise and execute a course of action required to produce given results, is substantially increased. 10 The ability to change clinical practice is influenced by many factors, however. 11 Problem based learning has found its way into the theory of medical education. 12 The aim of this study was to apply this theory of medical education to the improvement of quality of patient care. The study examined whether this process improved the quality of treatment among patients with the model diseases, asthma and urinary tract infection (UTI), and assessed how well the participating doctors approved of the group process. It further examined whether recorded characteristics of the doctors, their practice, and their change in management routines influenced the improvement.
Methods

RECRUITMENT AND ESTABLISHMENT OF GROUPS
Six hundred and thirty five general practitioners (GPs) from south-east Norway, registered by The Norwegian Medical Association, were invited to participate in the study; 199 (31%) agreed to take part and were organised into 32 groups with 4-8 GPs in each group. The GPs in each group were all located in a defined geographical area served by 1-3 pharmacies. Groups were block randomised to focus either on asthma or UTI. The randomisation was stratified into three equal sized geographical areas to secure an even distribution of the 16 asthma groups and 16 UTI groups, the former serving as controls for the latter and vice versa. The study is the Norwegian part of the Drug Education Project (DEP), comparing the eVect of educational intervention on drug prescribing in five European countries. 13 
DATA FOR FEEDBACK
Asthma was chosen as one of the disease models as graded individual treatment recommendations were available as part of national 14 and international 15 guidelines. The overall recommendations state that inhaled agonists should be used when needed, and inhaled steroids should be used regularly to prevent episodes of asthma. No asthma patients should be using inhaled agonists frequently without also using inhaled steroids. Uncomplicated UTI was selected as the other disease model. For this infection short treatment duration is recommended, both nationally 14 and internationally. 16 A new edition of the national guidelines used in this study are mailed to all Norwegian doctors every second year free of charge.
The GPs agreed to let us record the anti-asthmatic treatments and the relevant drugs for treating UTI dispensed to their patients. This was done by evaluating all their prescriptions at their local pharmacies during the one year period before and the one year period after the intervention. Inhaled agonists and inhaled steroids dispensed to patients aged 17-50 years were recorded and these prescriptions were thus used as an indicator or proxy for asthmatic patients. The age limits were set in order to exclude children where the guideline recommendations deviate from those established for adults, and also to reduce the number of elderly patients included with chronic obstructive pulmonary disease. The amount of each drug dispensed per prescription was recorded in defined daily doses (DDDs), 17 further described in table 1. The mean daily dose of inhaled agonists and inhaled steroids dispensed to each patient during one year was calculated.
Trimethoprim, pivmecillinam, and cotrimoxazole were selected as indicators among the diVerent antibiotics used for treating UTI. These are the main drugs for treating uncomplicated UTI in Norway today and they can be dispensed in diVerent sized packages. Broad spectrum penicillins are primarily prescribed for other types of infection or for treating UTI in pregnancy. Only treatments dispensed for a two week course or less and to patients 16 years or older were included in our study. Children and patients with prophylactic long term treatments were excluded. The duration of treatment for each patient was calculated by dividing the total amount dispensed by one DDD. For trimethoprim 75% of the DDD was used as the normal daily dose as this corresponds to the most frequently prescribed daily dose in Norway.
INTERVENTION
Each group participated in two evening meetings about one week apart during autumn 1995. The meetings lasted on average 2 hours and 45 minutes. At the first meeting the GPs discussed in groups how they diagnose the illness, and the underlying reasons they find important when deciding on treatment. At the second meeting international and national guidelines for treating asthma or UTI were presented to the respective groups. After plenary discussion the group agreed on common quality criteria for what they found to be acceptable and unacceptable prescribing, based on the guideline recommendations. These criteria were subsequently compared with the prescribing histories of the group as a whole over the previous year, and then the same was done individually for each GP. The way in which these quality improvement tools were applied to asthma and UTI within each group are summarised in boxes 1 and 2, respectively. One of the two project coordinators and a pharmacist from the local pharmacies were present at each meeting. The meetings were conducted according to a structured plan, with the main emphasis being on group discussions and without formal lecturing.
PROCESS EVALUATION OF THE GROUP
INTERVENTION
To get an indication of how the groups functioned, the participants anonymously evaluated the group process at the end of the last meeting. Their responses were given on a six point scale with a high score reflecting a good evaluation. They were also asked if they intended to change their management of asthma or UTI as a result of the intervention, and whether they considered this method of educational intervention suitable for improving treatment of other illnesses.
MAIN OUTCOME VARIABLES
The diVerence in proportions of acceptably and unacceptably treated asthma patients before and after the intervention was calculated within the asthma and control (UTI) groups. The eVect measurement of the intervention on asthma was then calculated as the relative change in these proportions in the asthma groups compared with the control (UTI) groups. The diVerence in proportions of short and long treatments for UTI before and after the intervention was calculated within the UTI and control (asthma) groups. The eVect measurement of the intervention on UTI was correspondingly the relative change in these proportions in the UTI groups compared with the control (asthma) groups.
CHARACTERISTICS AFFECTING THE DOCTORS' ABILITY TO CHANGE PRESCRIBING BEHAVIOUR
Relevant data were collected using questionnaires mailed to the participating GPs, using two reminders when necessary. The GP identification number used in the prescription database identified each questionnaire, enabling linkage of data. The aim was to study whether variations in the change of prescribing behaviour could be explained in part by variations in these factors.
Characteristics of the doctors and their practice
In the return letter stating whether or not they wanted to participate in the study the GPs indicated their age (in 1994), sex, number of workdays per week, number of GPs working x A 4 × 4 table of mean daily dosage intervals of the combined use of inhaled agonists and inhaled steroids was presented to the GPs in each peer review group. x Without any data in the table the GPs discussed, based on national guideline recommendations, within which of the combined mean daily dosage intervals they would or would not accept the treatment given to a patient. x They then coloured the mean daily dosage intervals green or red corresponding to their consensus on acceptable or unacceptable treatments. At least 80% of the groups were able to label consistently 11 of the 16 dosage intervals. The dosage intervals which could not be labelled were coloured yellow. x All the relevant patients were then ascribed to a mean daily dosage interval in the table according to the relationship between the calculated mean daily dose of inhaled agonist and inhaled steroids dispensed during a year. The table containing data was then presented to the GPs.
x The number of patients in green (acceptable) and red (unacceptable) mean daily dosage intervals represented the prescribing feedback on the quality of treatment. The group of doctors and the individual doctor within each group could thus see what they did right and wrong. x Examples of acceptable treatments: Acceptably treated patients with less severe asthma received a mean daily dose of inhaled agonists equivalent to less than 1-2 inhalations a day in combination with inhaled steroids equal to less than 400 µg/ day beclomethasone. Patients with more severe asthma treated acceptably received a mean daily dose of inhaled agonists equivalent to less than 2-4 inhalations a day in combination with inhaled steroids equal to 400-800 µg/day beclomethasone. x Example of unacceptable treatments:
Unacceptably treated patients received a mean daily dose of inhaled agonists equivalent to 1-2 inhalations a day or more without any inhaled steroids.
Box 1 Deciding on treatment quality of asthma.
x A table dividing the treatments of UTI into short (4 days or less), medium (more than 4 but less than 7 days), and long (7 to 14 days) ranges of duration was presented to the GPs in peer review groups. x Without any data in the table the GPs discussed, based on national guideline recommendations, which range of duration they considered acceptable or unacceptable when treating uncomplicated UTI. x The GPs coloured the ranges of duration green or red corresponding to their consensus on acceptable or unacceptable treatment duration. At least 80% of the groups were able to label consistently two of the three ranges of duration. The range without a consistent label was coloured yellow. x The treatments of UTI were then tabulated into each range of duration according to the calculated duration of treatments. The number of treatments within green and red ranges of duration constituted the prescribing feedback. The group of doctors and the individual doctors in each group could thus see what they did right and wrong. x Acceptable treatment duration of uncomplicated UTI was judged to be 4 days or less. x Unacceptable treatment duration of uncomplicated UTI was judged to be 7 days or longer.
Box 2 Deciding on treatment quality of uncomplicated urinary tract infection (UTI).
together, and if they were board certified as specialists.
In a questionnaire mailed to the GPs before randomisation into the study groups they specified how long in years they had worked half time or more in general practice, whether they used computers or not, and whether the practice was located in a rural district, a town (up to 30 000 inhabitants), or a city. They further specified the number of hours spent on continuing medical education (CME) during the last year, and whether they had taken part in CME activities related to asthma or UTI during the last two years.
Job satisfaction
The Norwegian Medical Association undertook in 1993 an extensive survey of Norwegian doctors' self-reported health related to complaints and job stress. 18 From this study questions relevant to judging the GPs' perceived autonomy, stress, feedback from colleagues, patients and collaborators at work, and their working conditions were selected. These questions were all part of the prerandomisation questionnaire.
Change of routines in management of the diseases
These questionnaires were mailed six months after the interventions. All the GPs were asked to respond to each of the following six questions: "For asthma, were there any changes in patient monitoring, in prescription renewals, in giving of information and education to the patients? For UTI, were there any changes in the routines of urine sample collection and analysis, in ways of prescribing, in patient follow up routines?" The GPs were furthermore asked to comment on their routines to ensure a correct interpretation of the question.
STATISTICAL ANALYSIS
In order to reflect randomisation by group, a multilevel model 19 20 was used which examined the change in prescribing behaviour between the asthma and UTI groups at both the group and GP level. The variance at the group level contributed less than 10% of the total variance with this model, however. At the GP level linear regression was used to determine whether variations in the change in prescribing behaviour could be explained by variations in the recorded factors describing the GPs and their practice. The computer programs MlwiN 21 and SPSS 22 were employed. Associations in the data were considered to be statistically significant if p<0.05.
Results
The sex, mean age, mean number of GPs working together, and proportions of GPs who were board certified as specialists among the participating and non-participating GPs are presented in table 2. Data from the nonparticipating GPs were derived from information given in the return letter and from public sources. 23 
CHANGES IN PRESCRIBING BEHAVIOUR ASCRIBED TO THE INTERVENTION
Asthma treatment
The GPs in the asthma groups increased their proportion of acceptably treated asthma patients relative to the GPs in the control (UTI) groups. The proportion of unacceptably treated asthma patients did not change. The relative increase in the proportion of acceptably treated asthma patients was 5.9% (variance 2.5), p=0.018, and the relative change in proportion of unacceptably treated asthma patients was -1.4% (2.0), p=0.48, using the hierarchical model. The variance at the group level constituted 4.2% and 5.6% of the total variance, respectively.
UTI treatment
The GPs in the UTI groups increased their proportion of short acceptable UTI treatments and reduced their proportion of long unacceptable UTI treatments relative to the GPs in the control (asthma) groups. The relative increase in the proportion of short UTI treatments was 13.1% (variance 2.3), p<0.0001, and the relative decrease in the proportion of long UTI treatments was -9.6% (2.7), p=0.0004, using the hierarchical model. The variance at the group level constituted 4.3% and 1.3% of the total variance, respectively.
EVALUATION OF THE GROUP DISCUSSION PROCESS
The mean (SD) scores of group discussion were 5.24 (0.44) and 5.18 (0.45) in the asthma (n=90) and UTI (n=86) groups, respectively. The mean prescription feedback scores were 5.39 (0.69), n=82, and 5.14 (0.78), n=80. Of 70 respondents in the asthma groups, 73% indicated that they would, 23% that they probably would, and 4% that they would not change their treatment of asthma as a result of the intervention, and of the 72 respondents in the UTI groups 89% indicated that they would, 6% that they probably would, and 6% that they would not change their treatment of UTI. Eighty (93%) in the asthma groups and 77 (96%) in the UTI groups judged the educational intervention used to be suitable also for changing treatment of other diseases.
VARIATION IN THE CHANGE OF PRESCRIBING BEHAVIOUR AND CHARACTERISTICS OF THE
DOCTORS
The age, sex, number of workdays per week, years of experience, or board certification of GPs (table 3) did not significantly aVect the change in prescribing behaviour.
Variation in the increase of acceptably treated asthma patients among all doctors was partly explained (R 2 = 0.258) by the interven- tion group to which they were allocated ( = -0.300, p<0.0004), participation in CME on asthma during the previous two years ( = 0.253, p = 0.002), and the use of computers coded 1-3 with increased use ( = 0.235, p = 0.008). In general the coeYcient is interpreted as the expected change in response corresponding to an increase of one unit. In this case the expected diVerence between the asthma group coded as 1 and the UTI group coded as 2 is = -0.300. It was aVected inversely by the job satisfaction score coded 1-10 with increased satisfaction ( = -0.202, p = 0.015) and by the proportion of acceptably treated patients before the intervention ( = -0.181, p = 0.030).
Variation in the reduction of unacceptably treated asthma patients could, to some extent, be explained (R 2 = 0.089) by stated improvement in management routines coded 0-3 ( = 0.233, p = 0.009) and participation in CME on asthma during the previous two years ( = 0.177, p = 0.047).
Variation in the increase of acceptable treatments for UTI among all doctors is partly explained (R 2 = 0.313) by the intervention group to which they were allocated ( = 0.243, p = 0.013) and stated improvement of management routines ( = 0.282, p = 0.005). It was aVected inversely by a practice located in an area with many rather than few inhabitants (city/town/district) ( = -0.207, p = 0.010).
Variation in the reduction of unacceptable treatments for UTI is partly explained (R 2 = 0.199) by which of the two intervention groups the doctors were allocated to ( = 0.266, p = 0.002) and by the autonomy score of the GP coded 1-6 with increasing autonomy ( = 0.201, p = 0.027). It was aVected inversely by a practice located in an area with many rather than few inhabitants (town/city/district) ( = -0.226, p = 0.009) and by the number of GPs working together at the health care centre ( = -0.183, p = 0.037).
Discussion
The educational intervention used in this study improved the prescribing behaviour of doctors in accordance with guideline recommendations, and is thus an aid in significantly improving the quality of patient care. Similar interventions using comparison of behaviour with recommended behaviour have previously been shown to improve requests by GPs for laboratory tests. 24 In recording doctors' behaviour the drugs dispensed rather than those prescribed were used. The agreement between these two ways of recording drug use may be less than desired, reflecting the diVerence in behaviour between the patient and the doctor. 25 The outcome measurement of dispensed drugs also includes the eVect of the GP as a teacher and motivator, and relates somewhat more to the quality of patient care than recording only what the doctor prescribed.
A behavioural change resulting in a doctor doing more things "correctly" usually implies an inverse relationship of doing fewer things "wrong". In our study the linkage between an increase in acceptable treatment of asthma and a reduction in unacceptable treatment was not obvious since the proportion of patients diYcult to classify was high. Most of those who were diYcult to classify were using inhaled agonists in low mean daily dose as single medication. The threshold use of inhaled agonists before introducing inhaled steroids has changed during the last few years with a lower level being recommended in the most recent guidelines compared with earlier versions. 14 Some, but not all, of the patients who were dif- ficult to classify should probably have been oVered inhaled steroids. Only one fifth of the UTI treatments remained unclassified, which made the shift from unacceptable to acceptable treatments visible (table 3) . This study detected a significant change in behaviour despite extrinsic factors that could mask these observations. Promotional activities by the pharmaceutical industry using the asthma guidelines can be assumed to have influenced the prescribing behaviour of GPs in a desired direction in both the asthma and UTI groups. These groups were located geographically close to each other in order to minimise diVerences in external influences. This, however, increased the possibility of a leakage of factors influencing behaviour between the groups. Participation of the pharmacists in the groups may also have had an eVect in diluting the diVerences as they saw patients from both study groups. The intervention was not expected to aVect all antibiotics used as a proxy for UTI treatments. Co-trimoxazole, for instance, is also to some extent used for treating respiratory infections over a longer duration.
The group discussion and the feedback on prescribing was well regarded by the participants, and the intervention was judged suitable for improving the quality of treatment of other diseases such as hypertension and diabetes. A high proportion of the participants in our study stated they would change their treatment after the intervention. Self-rating has previously been shown to relate to an actual change in behaviour. 26 We thus have reason to believe that the change demonstrated in our study was not limited to small subgroups of participants. It might therefore be worth using this intervention as a model for developing a CME programme since it has shown its ability to change behaviour. Being board certified was more common among the participating than among the non-participating GPs (table 2) . These specialist GPs may be more accustomed to working in peer groups than their colleagues as peer reviewing is part of the training to become board certified in Norway. The educational programme used as an intervention may thus best accommodate the learning styles of GPs who enjoy group discussions.
The variance in behavioural change between the participating groups was less than 10% of the total variance, indicating that the change in prescribing behaviour was primarily related to individual characteristics of the GPs and their practice. Furthermore, the intervention process itself appears to have aVected the groups equally as the process evaluations of the groups were uniform.
On the individual level, previous participation in CME on asthma was linked to improved behaviour; this may be because these GPs were more interested and thus more motivated to improve their asthma treatment than other GPs. The GPs who used computers in their work may indicate a group of doctors who more readily accept and use new techniques and therapies. The use of computers might also make it easier to trace patients in need of better treatment. 27 Changing management routines is important in changing clinical practice. 11 In our study this was the only factor, apart from previous participation in CME activity, that aVected a change in the proportion of unacceptably treated asthma patients. Better routines may improve the relationship with these patients, making it possible to give better treatment. Nurses or other team members at the health centre in Norway often handle the management of acute or recurrent cystitis. Improved routines may thus ensure that all health workers in a team are uniformly informed about treatment recommendations.
A diYcult job situation may be a barrier to improving the quality of patient care. 28 In our study the doctors' experience of autonomy was favourably related to improving treatment of patients with UTI seeking immediate care. An overall favourable judgement of the working conditions, however, seemed to impede improvements in the care of asthma patients. One possible explanation for this may be that these GPs conform better to their working environment and thus are less motivated to change.
Conclusion
Combining prescription feedback of individual treatments with quality criteria of prescriptions based on guideline recommendations in peer review groups of doctors improved the quality of care of patients with asthma and urinary tract infection. This educational activity was valued by the doctors and judged suitable for improving the quality of care in other treatment areas. Some characteristics of the doctors and their practice of importance to their improvement were identified. Awareness of these factors may be important when discussing how to improve treatments and designing programmes for continuing medical education.
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È technè macrè (Art is long)
Hippocrates It happened. She knew it happened, Yet Tom was walking again, on the beach, with his grandchild. Tom was grateful his young doctor caught the nasty bug early, while still in the hospital.
"It will happen," she was told, "a question of time, probability and bad physiology." She knew. Yet, if art reflects accumulated experience, How much art does she need to learn about her science? "Outcomes count," an older colleague told her. "Outcomes are what people see. But your real art is to foresee the processes, to shape the pathways, For they are personalized and yet generic. You are part of a system, every captain is."
From her window, she could see the beach, where waves come and waves disperse upon the sand. On her laptop's screen, she has the day's headlines on medical errors and social accountability. Yet in her mind, accountability seemed to still search for its audience, carefully.
She caught the bug early, alright, but that bug should have not infected Tom, in the first place. Her colleagues welcomed her to the reality of the clinè of which Tom was so proud. Perhaps because Tom was untold of what to expect.
Yet his young doctor was unaware of how often such bugs find their Toms, elsewhere. "If I know, I can educate my patients better," she thought, Since expectations best predict satisfaction.
And she looked at the new waves crushing upon the beach And the beach where Tom takes his grandchild in search of a silver dollar shell, And she realized, that before telling Tom, she should know herself.
Until then, no index finger Aimed at her face Seemed appropriate.
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